1 東京工芸大学 電子機械学科（〒243 0297 神奈川県厚木市飯 山1583） Fig. 1 Decrease in deposition rate by an increase in oxygen gas content in sputtering gas. TiO 2 oxide target of 10 cm in diameter was used and sputtering was performed at aˆxed sputtering current of 1 A. In reactive sputtering of titanium target in the oxide mode, oxygen atoms are selectively sputtered from the target surface, which leads to a signiˆcant reduction of deposition rate of TiO 2ˆl ms. Utilizing this phenomenon, we developed a sputtering type oxygen radical source. Combining this oxygen radical source with a titanium sputtering source which is operated in metal mode, we showed that a high rate deposition of TiO 2ˆl ms above 40 nm/min was achieved. In addition, it was conˆrmed that the crystal structure of theˆlm (anatase and/or rutile) was easily controlled by the control of the amount of oxygen radicals and titanium atoms incident on the substrate surface. Low temperature deposition of crystallized TiO 2ˆl ms was also attempted by using this sputter-deposition method. As a result, it was found that deposition of a well crystallized TiO 2ˆl ms on unheated substrate could be realized by using crystallized TiO 2 seed layer and a proper ion bombardment. 
In reactive sputtering of titanium target in the oxide mode, oxygen atoms are selectively sputtered from the target surface, which leads to a signiˆcant reduction of deposition rate of TiO 2ˆl ms. Utilizing this phenomenon, we developed a sputtering type oxygen radical source. Combining this oxygen radical source with a titanium sputtering source which is operated in metal mode, we showed that a high rate deposition of TiO 2ˆl ms above 40 nm/min was achieved. In addition, it was conˆrmed that the crystal structure of theˆlm (anatase and/or rutile) was easily controlled by the control of the amount of oxygen radicals and titanium atoms incident on the substrate surface. Low temperature deposition of crystallized TiO 2ˆl ms was also attempted by using this sputter-deposition method. As a result, it was found that deposition of a well crystallized TiO 2ˆl ms on unheated substrate could be realized by using crystallized TiO 2 seed layer and a proper ion bombardment. (b) Sputtering in pure Ar gas (titanium rich surface layer is formed so that high rate sputtering can be realized).
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Fig. 2
Illustration of sputter-emission from oxide target in a mixture of Ar and oxygen gas (a) and pure Ar gas (a). 
